Introduction
The bright, compact Galactic radio sources known as UCHII regions are thought to be powered by massive young stars still embedded in their parent molecular cloud (Wood & Churchwell 1989) . Generally, the large column densities of molecular gas (N H 2 10 23 ? 10 24 cm ?2 ) toward these objects prohibit the optical identi cation of their ionizing stars and hide the early stages of massive star formation (Churchwell, Walmsley & Wood 1992) . While near-infrared imaging provides a deeper view of the young stars embedded in the cloud, sometimes in the form of re ection nebulae (e.g., NGC2024 FIR4 Moore & Yamashita 1995) , the study of the molecular gas and dust surrounding UCHII regions at (sub)millimeter wavelengths o ers the most direct tool for understanding the distribution and kinematics of the material from which stars are forming in these regions.
At some point during the accretion process of a new star, an out ow phase begins which can manifest itself in various observational forms including H 2 O masers (Genzel et al. 1981; Reid et al. 1988; Gwinn, Moran & Reid 1992 ) and bipolar molecular out ows (Lada 1985; Bachiller & G omez-Gonz alez 1992; Tofani et al. 1995; Bachiller 1996) . Although most known bipolar molecular out ows have been observed in nearby, low mass star formation regions (Staude & Els asser 1993) , they have also been detected from young massive objects as well, such as G5.89-0.39 (Harvey & Forveille 1988) , DR 21 (Garden et al. 1991) , and W75N (Hunter et al. 1994) . Bipolar out ow has also been seen in radio recombination lines toward the UCHII region K3-50A (DePree et al. 1994) . A wider search for out ows from massive protostars is being pursued to determine the rate of occurrence of out ow in high mass star formation regions (Shepherd & Churchwell 1996a) . In recent years, multiple out ows emanating from a protostellar cluster have been identi ed in several star formation regions including IRAS 20050+2720 (Bachiller, Fuente & Tafalla 1995) , L 1448 , and AFGL 5142 . Given that the statistical ages of the oldest out ows must be 10 5 yr (Parker, Padman & Scott 1991) , it is reasonable to expect out ows from several young embedded sources to be present simultaneously in an evolved star formation cluster. Out ow surveys of high mass star formation regions should help determine the epoch of the out ow phase relative to the UCHII phase of massive stars. Also, the discovery of out ows from UCHII regions themselves are important for comparison of their energetics to out ows from lower mass objects in terms of theoretical { 3 { jet-driven models (Masson & Chernin 1993) .
Because most UCHII regions lie at distances of several kiloparsecs, past CO surveys have had insu cient spatial resolution to identify distinct molecular out ows. For this reason, we have performed a higher resolution ( 30 00 ) search for molecular out ows in the submillimeter CO transitions at the CSO. Followup observations at the OVRO millimeter array are being obtained to study speci c sources in greater detail. In this paper, we present a comprehensive picture including maps of molecular out ows and submillimeter continuum emission from the cores containing the luminous UCHII regions G45.12+0.13 and G45.07+0.13. Shown in Fig. 1 is the integrated CO 3!2 emission from these two cores. The most striking features of the map are the spoke-like structures of gas that protrude from the northern core. The southern core appears more compact. Given their proximity in the plane of the sky and similar LSR velocities, G45.12+0.13 and G45.07+0.13 probably lie at the same distance (8.3 kpc) derived from recent HI absorption studies of G45.12+0.13 (Kuchar & Bania 1994) . The spectral types derived for the ionizing stars are O7 and O5.5, and the far-infrared luminosities based on the IRAS uxes are 10 6:02 and 10 6:10 L , respectively (Wood & Churchwell 1989) .
Near-infrared photometry of G45.12+0.13 reveals a spectrum rising steeply with increasing wavelength, consistent with a deeply embedded source emitting most of its energy at far-infrared wavelengths (Chini, Kr ugel & Wargau 1987) . The source was found to be spatially unresolved in early 10:6 m observations with a 12 00 beam (Zeilik, M. Kleinmann & Wright 1975) . Recent imaging of the Br line reveals an ionized nebula extended to a scale of 10 00 (Lumsden & Puxley 1996) , signi cantly larger than the radio UCHII region. Multitransition 13 CO and CS observations imply large H 2 column densities toward the G45.12+0.13 core (N H 2 3 10 23 cm ?2 ) (Churchwell, Walmsley & Wood 1992) and NH 3 observations indicate a rotational temperature of 32 K (Olmi, Cesaroni & Walmsley 1993) . The millimeter continuum uxes of G45.12+0.13 and G45.07+0.13 rise with decreasing wavelength Wood, Churchwell & Salter 1988; Chini et al. 1986; Sandell 1994) , consistent with a mixture of free-free emission and dust emission. Both regions also exhibit broad near-infrared Br and HeI lines suggestive of out ow motion (Doherty et al. 1994) .
Despite their similarities at infrared through millimeter wavelengths, these two regions exhibit rather di erent radio properties; thus they provide excellent targets for comparative research. The radio continuum emission from G45.07+0.13 appears \spherical or unresolved" while G45.12+0.13 appears \cometary" (Wood & Churchwell 1989) . Both regions contain Type I OH masers (Goss et al. 1973 ), but only G45.07+0.13 contains H 2 O masers (Genzel & Downes 1977) which have been resolved into several spatial and velocity { 4 { components coincident with and adjacent to the UCHII region (Hofner 1996) . G45.12+0.13 has not been detected as an H 2 O maser source to a 5 level of 3 Jy (Felli 1996; Churchwell, Walmsley & Cesaroni 1990 ). These contrasting properties drive our interpretation of the extensive multiwavelength observations presented here.
Observations 2.1. Caltech Submillimeter Observatory
Our submillimeter observations were performed with the on-the-y mapping mode using the facility receivers and acousto-optical spectrometers (AOS) of the CSO 1 . A summary of the spectroscopic observations of G45.12+0.13 and G45.07+0.13 is given in Table 1 . All spectra were analyzed with the CLASS software package and are presented on a main beam brightness temperature (T MB ) scale. We estimate our calibration to be accurate to 30% and our pointing to 5 00 .
In September 1993, we obtained an on-the-y 800 m continuum map of both UCHII regions using the CSO single-channel bolometer equipped with a 30 00 Winston cone. Repeated azimuth scans were spaced by 10 00 in elevation, the chopping secondary frequency was 10 Hz and the central frequency of the lter was 380 GHz (Lis & Carlstrom 1994 (Wang et al. 1996) . Illuminated directly by cold optics, the pixels subtend 5 00 by 10 00 on the sky for a total size of 120 00 by 10 00 . The array was aligned in elevation and scanned in azimuth at 4 00 s ?1 with a secondary throw of 92 00 at 4.09 Hz. 31 scans were obtained through each region, stepping by 4 00 in elevation on each subsequent scan. The relative gains of each pixel were calibrated by rapid elevation scans of Jupiter. The central frequencies of the lters were 853 and 670 GHz (for sources with F / 4 ). The maps were smoothed to an e ective angular resolution of 12 00 . The zenith optical depth at 225 GHz was 0.08 as measured by the CSO tipping radiometer. Because the submillimeter optical depth was changing during the observations, a direct measurement of the optical depth in the observed lter band was not possible. Instead, the continuum ux density was corrected for atmospheric extinction using an estimate of the optical depth in the lter band computed by scaling up the 225 GHz optical depth measurements by a factor of 22. Absolute calibration is based on scans of IRC+10216 during the same night (Sandell 1994) and the pointing accuracy is estimated to be 5 00 .
Owens Valley Millimeter Array
A summary of the observations made with the six-element OVRO Millimeter Array is listed in Table 2 . The bright, compact nature of the continuum sources associated with the UCHII regions allowed us to perform self-calibration and apply the solutions to the spectral-line data. The rst few CLEAN components of the continuum source were used as an initial model for phase self-calibration using the Difmap software package (Shepherd, Pearson & Taylor 1994) . After several iterations of phase self-calibration and further CLEANing, the amplitude gains for each antenna of each subarray were computed using GSCALE. Finally, the amplitude gains were allowed to vary on slowly decreasing timescales over each track in an iterative phase and amplitude self-calibration process. Due to the signi cant amount of extended emission, only a minimal amount of CLEANing was performed on the spectral line channels. Extended emission limits the noise achievable in most of the spectral-line channel maps. CSO spectra of the various CO transitions observed toward the central positions of G45.12+0.13 and G45.07+0.13 are presented in Fig. 2 . Both sources exhibit high velocity emission in all of the lines, signifying molecular out ow. In G45.12+0.13, there is a rapid increase in brightness temperature with CO transition. Since all of the CO transitions are signi cantly extended on the scale of the beamsize, this increase cannot be due entirely to beam lling factor e ects and instead indicates the presence of a hot core. In contrast, G45.07+0.13 shows very little increase in brightness temperature with CO transition level, indicating cooler gas. Also, a steep drop in emission from the three lower J CO lines occurs in G45.07+0.13 near 65 km s ?1 , a 5.5 km s ?1 redshift from the LSR velocity of the molecular cloud (Cesaroni et al. 1991) . No such drop is seen in the 6!5 line, suggesting that the feature is a characteristic of only the cool component of the gas.
Spectra of the CS J=7!6 emission (observed simultaneously with the CO J=3!2) toward both sources are shown in Fig. 3 . G45.07+0.13 exhibits signi cantly brighter emission than G45.12+0.13 in this high density-tracing transition. The line parameters are summarized in Table 3 .
CO maps
We now compare the spatial appearance of the CO emission toward both sources. Shown in Fig. 4 are contour maps of the high velocity emission from G45.12+0.13 in 3 di erent isotopic transitions of CO J=2!1 all at 30 00 resolution. The C 18 O map reveals a ridge of high column density gas that peaks a few arc seconds northeast of the UCHII region. In the two more abundant species, a distinct north/south o set is present between the bulk of the redshifted and blueshifted emission. Although the positions are roughly Table 3 : Observed properties of the CS J=7!6 transition { 8 { symmetric about the UCHII region, the additional structure in each lobe indicates that the out ow is not a simple bipolar nebula. Furthermore, the 10 00 resolution 12 CO J=6!5 map shown in Fig. 5 suggests that the out ow has a broad opening angle and may not be centered on the UCHII region.
In the case of G45.07+0.13, the CO J=2!1 map (not shown) revealed an unresolved out ow in the high velocity channels. A higher resolution (10 00 ) map of the CO J=6!5 transition is presented in Fig. 6 . In contrast to G45.12+0.13, the out ow is barely resolved in this map with the axis along a position angle of ?18 . The UCHII region coincides within 3 00 of the out ow origin, consistent with the absolute pointing uncertainty of the map.
Out ow properties
The mass, momentum and energy contained in the molecular out ows are computed by integrating each spectrum channel by channel over the line wings (45 to 56 and 63 to 74 km s ?1 ) with the appropriate LSR velocity moment (jv ? v LSR j n ) applied (e.g., Garden et al. 1991) . To properly compute the mass, the excitation temperature and the optical depth of the out owing gas must be known. The temperature is approximated by the peak main beam brightness temperature of the 12 CO transition. Regarding the optical depth, it is a common practice to assume the high-velocity 12 CO gas to be optically thin. However, in the case of G45.12+0.13, the out ow appears prominently even in the less abundant 13 CO transition. To estimate the 12 CO optical depth, the 13 CO= 12 CO line ratio was computed at each position in the maps for the redshifted and blueshifted wings separately. The ratio varies between 0.14 and 0.64 implying 12 CO optical depths between 8 and 38 (from the simple relation T MB ( 13 CO)=T MB ( 12 CO) = (1=60) =(1 ? e ? ), where (1/60) is the abundance ratio between 13 CO and 12 CO at a galactocentric distance of 6.4 kpc from Wilson & Rood (1994) ). Using the appropriate factor from the optical depth at each map position, the column density measurements were increased accordingly in the calculation of the out ow parameters listed in the rst row of Table 4 . The most striking result is the large out ow mass of 2500M , making it one of the most massive protostellar out ows yet discovered.
A separate estimate of the out ow mass can be made by assuming the high-velocity 13 CO gas is optically thin. This assumption is consistent with the moderate optical depths derived for 12 CO and the fact that the out ow does not appear in the C 18 O transition. The out ow mass computed in this way for the 13 CO line is 4800M , about twice that computed from optically-thick 12 CO transition. We believe this larger value to be the most accurate measurement of the mass in the out ow, thus surpassing even the DR 21 out ow Garden et al. 1991 . Because 13 CO data are not available in the higher transitions, the values listed in rows 3 and 4 of Table 4 are computed for comparison under the optically-thin assumption (likewise in Table 5 for the G45.07+0.13 out ow).
To measure the total molecular gas mass in the cloud, we use the integrated ux in the C 18 O line. The average C 18 O column density over the map is 8:1 10 15 cm ?2 . Using the conversion formula of Frerking, Langer & Wilson (1982) for dense cores, this value corresponds to an average H 2 column density of 5:0 10 22 cm ?2 and hence a total mass of 3:9 10 4 M . The fraction of the total cloud mass participating in the out ow is 12%, similar to the 17% recently measured in the Mon R2 out ow (Tafalla et al. 1996) .
Is there a precedent for such a massive bipolar out ow? To explore this question, we consider the mechanical luminosity and momentum input rate required of the driving source. These quantities require an estimate of the age of the out ow, a lower limit to which is the dynamical timescale. The dynamical timescale of the out ow is derived from the out ow half-length (half the distance between the half-power contours at the two ends of the ow) divided by the mean mass-weighted velocity. In this way, the dynamical timescale refers to an inclination angle of 45 . The mechanical luminosity of the out ow (195L ) lies within a factor of a six of the value predicted (33L ) for a source of this bolometric luminosity based on the trend from lower luminosity sources in which L mech 10 ?4:5 L bol (Levreault 1988) . Similarly, the momentum input rate (force) required to drive the out ow (log ( _ M v) ?0:66) is within the range observed in out ows from other sources with L > 10 5 L (Lada 1985) . As in the case of low-mass protostellar out ows (Bally & Lada 1983) , this momentum input rate is nearly an order of magnitude higher than that available in the radiation eld (?1:5) from the central source (if one assumes single scattering of photons from an O5.5 star (Thompson 1984; Panagia 1973) on the basis of the bolometric luminosity of the region).
Another physical measure of an out ow is its total kinetic energy. Past work on molecular out ows has revealed a correlation between out ow kinetic energy E and the stellar mass M of the driving source: E / (M=M ) 2:3 (Levreault 1988 The integrated C 18 O 1!0 ux from G45.12+0.13 is shown in Fig. 7 . The major feature in this eld is gas seen in absorption against the UCHII region. The spatial extent of the C 18 O absorption feature matches well with the 110 GHz continuum source (see Fig. 14) . In addition, faint emission lies northeast of the UCHII region, matching the position of the C 18 O 2!1 core.
3.2.2. 13 CO 1!0 emission toward G45.12+0.13
Interferometric observations of G45.12+0.13 in the 13 CO J=1!0 transition are shown in channel maps in Fig. 8 . These images provide a more detailed picture of the complex distribution of out owing gas. Since there is much extended emission from this source in the 13 CO transition, the near-LSR velocity channels su er from spatial ltering. Thus, only the channels from the line wings are presented. They are divided into four velocity regimes relative to the LSR velocity (59.5 km s ?1 ). In the upper panels of Fig. 8 , the low-velocity redshifted emission is plotted next to the high-velocity blueshifted emission. A linear north-south structure appears to be symmetric about a point o set by (?8 00 ; ?3 00 ) from the UCHII region. We interpret this structure as a bipolar out ow from a separate embedded source which we designate G45.12+0.13 West. The average LSR velocity of these velocity ranges is 58.1 km s ?1 , blueshifted by 1.4 km s ?1 from the bulk of the cloud. At both ends Table 5 : Properties of the G45.07+0.13 molecular out ow { 11 { of the structure a small kink of emission extends out symmetrically on opposite sides of the main axis. This feature, along with the curved appearance of the southern lobe, suggests wandering of the out ow direction. The lack of radio continuum emission at the position of G45.12+0.13 West (Wood & Churchwell 1989) suggests that the driving source of the out ow is either a younger massive star or a cooler, lower mass star than that which powers the UCHII region.
In the lower panels of Fig. 8 , the high-velocity redshifted emission is plotted next to the low-velocity blueshifted emission. In this case, the emission appears to be mostly symmetric about the position of the UCHII region as indicated by the biconical surface projected onto the map. Therefore, we identify this emission with an out ow from the star powering the UCHII region. The average LSR velocity of these velocity ranges is 61.4 km s ?1 , redshifted by 1.9 km s ?1 from the bulk of the cloud.
Estimates of the individual out ow masses can be made from the 13 CO 1!0 maps. Assuming the same excitation temperature and abundance ratio noted in the previous section, we derive a conversion factor of 4:65M (Jy km s ?1 ) ?1 for an optically-thin source at a distance of 8.3 kpc (see, e.g., Snell et al. 1984) . By de ning narrow boxes around the emission, we carefully measured the integrated ux in each of the four out ow lobes appearing in Fig. 8 . The results listed in Table 6 indicate that we have recovered only about 10% of the out ow emission in the interferometer maps. Nevertheless, we can conclude that the two out ows appear to be similar in mass.
Having seen the interferometer maps, it is interesting to re-examine the single dish data. Channel maps of the CO J=3!2 transition observed with 20 00 resolution are shown in Fig. 9 . Also plotted are the two out ow origins and axes, identical to those in Fig. 8 Many of the extended ridges in the map are aligned with the axes, consistent with the multiple out ow interpretation. The CS 7!6 map shown in Fig. 10 traces the warm, dense molecular core which is elongated parallel to the separation of the two out ow sources. The UCHII region G45.12+0.13 lies closest to the peak CS emission and may be the main heating source of the gas. The other out ow origin G45.12+0.13 West lies along the ridge near the edge of the core.
3.2.3. CS 2!1 emission toward G45.07+0.13
The OVRO baseline-averaged spectrum of CS J=2!1 toward G45.07+0.13 is shown in Fig. 11 . A broad blueshifted wing indicates molecular out ow while a redshifted absorption feature suggests infalling motion in the foreground gas. Contour maps of the high velocity CS emission are shown in Fig. 12 . The spatial o set between the redshifted and blueshifted emission matches the structure seen in the CO J=6!5 transition and provides further evidence for molecular out ow from the UCHII region along a position angle of ?30 .
Redshifted absorption appears against the continuum source in the three channels covering 65.0 to 67.3 km s ?1 . The curved appearance of the lowest positive contours around the UCHII region indicates that some of the redshifted CS gas lies in front of the source and is infalling. At this spatial resolution, the out ow appears to have a large opening angle. In contrast to the out ows toward G45.12+0.13, the high velocity gas is not very extended ( 6 00 ). The out ow dynamical timescale is 2:0 10 4 yr, nearly an order of magnitude less than the G45.12+0.13 out ows. Consequently, the out ow driving source of G45.07+0.13 is likely to be a younger object than either G45.12+0.13 or G45.12+0.13 West.
Interestingly, the velocity pattern of the H 2 O masers on a 1 00 scale imaged at the VLA (Hofner 1996) roughly matches the orientation and direction of the out ow seen here in thermal CO and CS molecular gas on a 5 00 scale. This agreement strongly supports the theoretical ideas that a protostellar jet from a massive young star can (concurrently) power H 2 O masers (Mac Low et al. 1994 ) and drive a molecular out ow (Masson & Chernin 1993) . In this case, it appears that the H 2 O masers originate in the warm, dense gas located in between the jet shock and the leading bow shock (Blondin, K onigl & Fryxell 1989) , interior to the brightest CS J=2!1 emission.
Continuum emission 4.1. CSO maps
Maps of the submillimeter continuum emission at 800, 450 and 350 m are shown in Fig. 13 . Like the C 18 O 2!1 line, the submillimeter continuum emission from G45.12+0.13 peaks a few arcseconds northeast of the UCHII region. In the 450 m map, a ridge of emission extends to the southwest of the UCHII region and contains the out ow source G45.12+0.13 West identi ed in the OVRO maps, adding weight to our identi cation of the separate out ow source G45.12+0.13 West. Toward G45.07+0.13, the submillimeter emission is compact and coincides with the UCHII region, in agreement with previous 800 m observations (Sandell 1994) .
The integrated continuum uxes of both regions are listed in Table 7 . Combining these uxes with the 60 and 100 m IRAS ux densities and the 1.3 mm ux density (Chini et al. 1986 ), a modi ed Planck function of some nite optical depth can be t to the spectral energy distribution. The three free parameters in the model are the dust temperature T dust , the grain emissivity index , and optical depth at the reference wavelength of 125 m. The grain emissivity at 125 m was matched to the value of Hildebrand (1983) . A summary of the best-t models is listed in Table 8 . The mass estimate from the dust, 3:7 10 4 M , is remarkably consistent with that derived from the C 18 O 2!1 emission.
3 millimeter OVRO maps
The 110 GHz emission observed at OVRO is shown in Fig. 14 (Wood & Churchwell 1989) . The deconvolved size of a single two-dimensional Gaussian t to this source is 2: 00 67 2: 00 00 at position angle 127 . The major axis of the UCHII emission is oriented roughly perpendicular to the bipolar molecular out ow axis from the UCHII region. The peak intensity is 2.13 Jy/beam and the integrated ux density is 4.00 Jy. Since the integrated ux density at 15 GHz is 3.68 Jy (Wood & Churchwell 1989) , the spectral index between 15 and 110 GHz is 0.04. Extrapolation from the submillimeter spectral index implies that 0:4 Jy of the 110 GHz ux density is from optically-thin dust emission. Subtracting this dust emission from the 110 GHz ux density then implies that the spectral index of the remaining emission between 15 and 110 GHz is 0.0, reasonably consistent with optically-thin free-free emission.
No emission is seen at the suspected position of the out ow source G45.12+0.13 West down to a 3 level of 15 mJy. In the 450 m map, G45.12+0.13 West lies on the 36 Jy contour. To estimate an upper limit to the ux density of a point source at this position, an elliptical Gaussian source was freely-tted and removed from a subset of the 450 m image containing the emission around G45.12+0.13. The residual map contained a peak intensity of 14 Jy/beam in a compact source essentially coincident with the UCHII region with a tail extending past the position of G45.12+0.13 West. Based on the model spectral energy distribution, this limit corresponds to an 8 mJy dust source at 110 GHz. Therefore, we cannot detect the source at 110 GHz with the present data. More sensitive (i.e., higher dynamic range) millimeter observations will be necessary.
The 98 GHz map of G45.07+0.13 is presented in Fig. 15 . The peak intensity of the central source is 0.95 Jy/beam and the integrated ux density is 1.04 Jy. The tted position of a single Gaussian model is = 19 h 11 m 00: s 405; = +10 45 0 43: 00 00 with a deconvolved source size of 0: 00 96 0: 00 50 at position angle 96 . In this case, the major axis is 54 away from the axis of the CS 2!1 molecular out ow. Extrapolation from the submillimeter spectral index implies that 0.2 Jy of the 98 GHz ux density is from optically-thin dust emission. Subtracting this ux yields 0.84 Jy of free-free emission, and a spectral index of 0.2 between 43 GHz and 98 GHz ). Compared to G45.12+0.13, the continuum emission is three times more compact. The contrast in sizes presents another Table 8 : Greybody model parameters of G45.12+0.13 and G45.07+0.13 { 15 { piece of evidence that G45.07+0.13 is a younger source whose central star is just beginning to ionize the molecular gas and heat the surrounding dust envelope.
5. Discussion 5.1. The nature of the multiple out ows of G45.12+0.13
In G45.12+0.13, the single dish and interferometer data show evidence for at least two separate bipolar out ows. The total mass swept up by these out ows is quite large, M 4800M , and their dynamical timescale is rather long at 2 10 5 yr. The age of the out ows may be even older than the dynamical timescale as rapid deceleration of the out ow may occur during the sweeping-up process of ambient gas (Masson & Chernin 1993) . In fact, the absence of H 2 O masers in the G45.12+0.13 cloud core suggests that both of the out ow sources have evolved beyond the H 2 O maser phase. Statistical studies of masers toward HII regions indicate that H 2 O masers are much more common during the earliest phases of formation of an HII region (Codella et al. 1995) and last perhaps a few 10 4 yr (Codella, Felli & Natale 1994) . Because neither of the driving sources is located exactly on the highest column density of the dust/C 18 O core, there seems to exist additional material for future star formation there. The CS 7!6 linewidth at the core of G45.12+0.13 is 5.03 km s ?1 , implying a virial mass of only 2600M within a 20 00 beam. Since the virial mass falls a factor of 10 short of the total gas mass computed from the submillimeter dust and C 18 O 2!1 measurements, the molecular cloud is not su ciently supported against further collapse. The UCHII region and the out ow source G45.12+0.13 West may represent the result of the rst major burst of star formation in this molecular cloud.
From the agreement of the out ow energetics with trends from lower mass examples, we can conclude that these out ows di er only in scale from lower mass out ows and likely share the same driving mechanism at the central star. Recently, theories of jet-driven molecular out ows (Masson & Chernin 1993; Raga et al. 1993 ) have been put forth to unify the observed phenomena of stellar jets and molecular out ows as manifestations of the same ow seen over di erent length scales and integrated over di erent timescales. As high mass analogues of low mass out ows, the out ows of G45 and other massive sources like G25.65+1.05 and G240.31+0.31 (Shepherd & Churchwell 1996a) indicate that these uni ed theories may apply over the entire mass range of protostellar out ows.
5.2. Age contrast between G45.12+0.13 and G45.07+0.13
In G45.07+0.13, both the CO 6!5 and the CS 2!1 maps indicate bipolar out ow from the UCHII region. The lower antenna temperatures from the high-J CO lines suggest that the bulk of the gas is cooler than it is in G45.12+0.13. The energy and momentum in the G45.07+0.13 out ow is signi cantly lower than the G45.12+0.13 out ows. Speci cally, the momentum input rate in the G45.07+0.13 out ow is roughly equal to the amount available from the radiation eld while the out ow mechanical luminosity (22L ) is only 2 10 ?6 L bol . In addition, the CS 2!1 map reveals redshifted absorption toward the UCHII region. In fact, this absorption manifests itself in the low-J single-dish CO spectra as a steep drop in emission near 65 km s ?1 . Interestingly, this drop is not present in the CO 6!5 transition despite the smaller beamsize. Apparently, very little of the absorbing gas exists in the J=5 state; therefore, it must be cooler than the out owing gas. With this evidence, we attribute this absorption feature to cool infalling gas.
We propose that G45.07+0.13 exists in a (perhaps brief) phase in which both out ow and infall are occurring simultaneously. The smaller momentum, shorter timescale, smaller amount of swept-up mass and the presence of H 2 O masers suggest that the G45.07+0.13 out ow is younger than the out ows in the G45.12+0.13 region. Also, the agreement of the molecular out ow in both position angle and velocity with the H 2 O masers imply that both phenomena are being powered concurrently in G45.07+0.13 with the masers forming at the inner edges of the out ow lobes at the site of the shocked, dense gas.
Further evidence for the age distinction between the two regions comes from the submillimeter continuum images. Toward G45.12+0.13, at least two sources are present in a region of extended dust emission with the peak emission coinciding with the C 18 O molecular core to the northeast of G45.12+0.13. In contrast, an unresolved dust core is seen toward G45.07+0.13, consistent with the conclusion that G45.12+0.13 is a more evolved region in which the dust and gas have been heated over a greater volume.
Conclusions
With extensive high resolution molecular line and (sub)millimeter continuum observations of the ultracompact HII regions G45.12+0.13 and G45.07+0.13, we present a detailed picture of massive star formation toward these regions. We have discovered bipolar molecular out ows from both sources, marking them as members of a growing class of UCHII regions observed to exhibit this phenomenon. In G45.12+0.13, the single-dish CSO maps reveal a main north/south bipolar out ow with additional complicated structure.
OVRO aperture-synthesis images resolve the system into at least two out ows. The highest velocity out ow appears centered on the UCHII region which is embedded in an extended near-infrared Br nebula. We identify an additional bipolar out ow with a dynamical center lying o set (?8 00 ; ?3 00 ) from the UCHII region. This source, called G45.12+0.13 West, can be identi ed with extended 350 m emission that most likely represents dust emission from a younger or lower mass protostar that formed during the same epoch as the ionizing star of the UCHII region. From these observations it is apparent the molecular cloud core containing G45.12+0.13 has already formed a number of stars.
In contrast, G45.07+0.13 exhibits a single, compact out ow observed in the CO 6!5 line emerging from a dense core traced by bright CS 7!6 emission. OVRO observations of the CS 2!1 line con rm that the origin of the bipolar out ow is centered on the UCHII region and that its axis is aligned spatially and kinematically with the H 2 O maser spots in this source. Redshifted absorption at 6 km s ?1 in the CS and low-J CO lines is seen toward the continuum peak which is identi ed with an unresolved 450 m source. These phenomena along with the more compact radio continuum emission and the presence of H 2 O masers lead us to conclude that G45.07+0.13 is in an earlier evolutionary phase in which both infall and out ow are visible and only a single prominent star has been formed. More sensitive infrared images and (sub)millimeter synthesis maps of both regions will be required to con rm the identi cation of the young stars powering the molecular out ows and heating the dust grains. (Wood & Churchwell 1989) . Note the several spoke-like protrusions of gas from the core containing the UCHII region G45.12+0.13. -10, 10, 20, 30, 120, 240, 480, 960 and 1920 mJy/beam with a peak intensity of 2.13 Jy/beam. The UCHII region G45.12+0.13 is marked by the triangle and the out ow source G45.12+0.13 West is marked by the cross. 
